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1. Introduction 
The negative relationship between individual wages and regional unemployment rates, known 
as a wage curve, has been investigated in a number of papers since the pioneering studies by 
Blanchflower and Oswald (1990, 2005). The estimates for the unemployment elasticities vary 
across countries but lie mostly in the neighborhood of -0.1 (e.g. Blanchflower and Oswald, 
2005). While most papers include regional fixed effects to control for unobserved 
heterogeneity, only few account for spatial spillovers between different regions (see for 
example, Longhi et al., 2006 and Baltagi et al., 2012). Also, very few papers apply gender 
specific unemployment rates (see Boushey, 2002; Konyali, 2013). 
Controlling for region heterogeneity as well as spatial spillovers are important for these wage 
curve studies. Ignoring them may cause estimation bias and misleading inference. Longhi et al. 
(2006) argue that once we assume the wage curve to be the result of local monopsonistic 
competition, we would expect employers to be aware of the employment opportunities not only 
in the local labor market but also in surrounding areas. Hence, in the absence of spatial 
spillovers, the local unemployment elasticity is likely to be overestimated. In their study for 
327 NUTS3 regions of Western Germany over the period 1990-1997, Longhi et al. (2006) 
average wage data to confirm the importance of spatial spillovers. They find that the 
unemployment elasticity is lower in regions strongly interacting with other locations and higher 
in the ones that are more isolated. This corroborates earlier results by Buettner (1999) who used 
the same 327 NUTS3 regions of Western Germany over the period 1987-1994 and showed the 
existence of spatial contiguity effects in wages and unemployment. Elhorst et al. (2007) 
estimate the wage curve for 114 Eastern German administrative districts over the period 1993-
1999. They show that the introduction of spatially correlated error terms, in order to correct for 
region-invariant unobserved differences among time periods, highly influences the estimated 
unemployment elasticity but only when the time period fixed effects are not included in the 
specification.  
Baltagi et al. (2012) also use individual wage data for the 326 German NUTS3 regions over the 
period 1980-2004 and find spatial unemployment to be insignificant in a dynamic wage curve. 
They explain that this result may be due to employees being myopic and not caring about the 
labor market conditions in surrounding areas. Another explanation is the existence of high 
migration and commuting costs. The dynamic approach to the German wage curve was also 
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used by Pannenberg and Schwarze (2000) who used data for 74 Western German regions over 
the period 1985-1994. They tried to verify the robustness of their results with respect to spatial 
correlation of the unemployment rates, but could not properly identify their effects due to 
multicollinearity problems.  
The evidence for other countries is rather scarce. Fingleton and Palombi (2013) examine the 
wage curve with spatial effects for the 408 local authorities in the UK over the period 1998-
2010. They find that the unemployment rate within commuting distance exerts the most 
influence on wages, while the local unemployment rate accounts for a small fraction of the total 
impact. Falk and Leoni (2008) estimate a wage curve using grouped data based on 121 districts 
in Austria for the year 2001. They find that the elasticity of unemployment becomes statistically 
insignificant once the spatial correlation is ignored. Finally, Ramos et al. (2014) confirm the 
importance of spatial spillovers for the wage curve results in the case of the Spanish provinces 
over the period 2000-2010.  
It should be noted that the results based on average unemployment rates can be biased for 
particular subsamples. Hence, Card (1995) suggests applying subsample specific 
unemployment rates. Though, due to problems with the data representativeness, for the existing 
studies the only common specification is based on the gender specific unemployment rates. 
Boushey (2002) examines individual earnings data for the US Metropolitan Statistical Areas 
and states over the period 1986-1996. She shows that the unemployment elasticity for 
subsamples of male and female workers changes significantly once group specific 
unemployment rate is used instead of the aggregate one. Sanroma and Ramos (2005) apply 
regional data for Spain at the NUTS3 level for 1991. They find that the unemployment 
elasticities for men and women are significantly higher when the estimation is based on 
aggregate unemployment rates as compared to gender specific unemployment rates. Konyali 
(2013) uses individual data for the 12 NUTS1 regions of Turkey over the period 2007-2009. 
He finds evidence for the wage curve for men based on gender specific estimation only. In the 
case of women, the unemployment elasticity is statistically insignificant. It should be 
emphasized though that none of the above gender specific studies use spatial econometric 
techniques in order to control for spatial spillovers in the unemployment effects. This paper 
extends the existing literature on the wage curve in a number of ways. First, to the best of our 
knowledge, it estimates for the first time spatial spillovers using group specific unemployment 
rates. Second, it focuses on Poland and verifies the existence of different wage curves for 
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difference population groups (young versus old, low skilled versus high skilled, etc.). Here, in 
accordance with Blanchflower and Oswald (1994a) and Card (1995), it verifies that wages for 
groups with lower bargaining power are more affected by changes in regional unemployment 
rates than groups with higher bargaining power. Last but not the least, this is the first paper on 
the Polish wage curve that includes observations far beyond the EU accession date. 
Previous literature on the wage curve for Poland include Blanchflower (2001), Iara and 
Traistaru (2004), Duffy and Walsh (2000, 2001), Rogut (2007) and Yamaguchi (2008). The 
first two papers focus on estimating wage curves for a group of transition countries rather than 
Poland per se. More specifically, Iara and Traistaru (2004) use annual regional labor market 
data at the NUTS 3 level for Bulgaria, Hungary, Poland and Romania for the period 1992 to 
1999. They find that average earnings were negatively and significantly associated with 
regional unemployment rates in Bulgaria and Poland as suggested by the wage curve literature. 
For the period 1995-1998, for 49 regions (voivodships) in Poland, they find an unemployment 
elasticity of -0.07 based on 196 observations. On the other hand, Duffy and Walsh (2000) 
explore the determinants of average monthly wage levels across the same 49 (voivodships) 
regions of Poland over the period 1991-96. They find an unemployment elasticity of pay for 
Poland of – 0.12. In their second paper, Duffy and Walsh (2001) use the Polish Force Survey 
for the years 1994 to 1996. They exclude females arguing that they are more affected by short-
term supply side considerations than their male counterparts. The total number of males in their 
panel was 14,203. They find an estimated unemployment elasticity of pay of -0.11. 
Since the 1999 territorial reform, these 49 voivodhips no longer exist. This is why we use the 
16 NUTS2 level regions over the period 1999 – 2010. Therefore, our results can be directly 
comparable to the ones obtained by Rogut (2007) who also studies the Polish wage curve with 
the NUTS2 level data over the period 1995-2005 and reports an unemployment elasticity of -
0.12. To a lesser extent, our results can be compared with the results obtained by Yamaguchi 
(2008) who uses the Polish Labor Force Survey data over the period 1995-20021 and finds an 
elasticity of about -0.06. 
Figure 1 gives the unemployment rate across these 16 NUTS2 regions over this period. 
                                                          
1 The latter study includes uniform series for the individuals’ region of residence for the periods before and after 
the  Polish administrative reform of 1999. 
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Insert Figure 1 here 
Using average wages across regions and over time to estimate a wage curve has been criticized 
by Card (1995). Hence, in our study we use individual data from the Polish Labor Force Survey 
over the period 1999-2010. This rich micro-level data set allows us to control for a large number 
of individual characteristics affecting individuals' wage responses to variations in regional 
unemployment rates. The sample used includes 102,924 observations of whom 53,886 are 
males and 49,038 are females. This data set allows us also to control for region effects and 
spatial spillovers across these regions.  
The remainder of the paper is organized as follows. Section 2 describes the model and the data. 
Section 3 reports the results of the traditional wage curve estimation over the period 1999-2010. 
Section 4 reports the results of the spatial wage curve. Section 5 reports results of the spatial 
wage curve with gender-specific unemployment rates. While Section 6 concludes. 
2. The model and data 
The wage curve is simply an inverse relationship between wages and local unemployment rate 
observed by Blanchflower and Oswald (1990) in their study of the U.S. and British labor 
markets. The existence of this wage curve was verified for many countries and was even 
reported to be an empirical law finding this unemployment elasticity to be around -0.1. (For 
detailed surveys on the wage curve, see Blanchflower and Oswald, 2005; and Nijkamp and 
Poot, 2005).  
Initial explanations of the wage curve proposed by Blanchflower and Oswald (1994) include a 
labor contract model, an efficiency wage model and a bargaining model. More recently, the 
theory of monopsonistic competition in local labor markets emerged as another possible 
explanation of the wage curve phenomenon. 
The efficiency wage approach by Shapiro and Stiglitz (1984) assumes that employers will offer 
a premium to the workers in order to avoid shirking. This way they minimize costs related to 
monitoring of workers’ productivity. The higher the unemployment rate the higher are the 
probabilities of losing one’s job. Hence, firms will offer lower wage premiums when the 
unemployment rate is higher.  
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In the labor turnover model, see Campbell and Orszag (1998), employers use higher wages as 
a measure to keep current employees and discourage them to quit. This allows them to minimize 
costs associated with hiring new workers at the times of tight labor markets.  
Finally, contrary to previous approaches, the theory of monopsonistic competition relies on the 
assumption that the local labor markets should not be considered as ‘isolated islands’ in the 
national economy. Here, firms entering a local market face start-up costs linked to the 
recruitment and training process. At the same time workers are exposed to costs related to job 
searching, commuting or migration. This results in the inverse relationship between wages and 
unemployment rate. Still, the unemployment elasticity is likely to depend on the employment 
opportunities in the surrounding areas (for more details see Longhi et al., 2006). 
In this paper we follow the monopsonistic competition approach in order to show how the 
inclusion of spatial spillovers influences the wage curve estimation results. We do not average 
the data across regions. Instead, we use the individual data. We do not have the location of each 
individual. This means that we cannot use the spatial autoregression in the error term model 
(SAR) nor the spatial lagged dependent variable model (SLDV). These models can be estimated 
for the regional averages since averaging the survey data on individuals transforms it to a panel data on 
regions. 2 Using individual data from the Polish Labor Survey, we include the spatial lagged 
unemployment rate as an additional explanatory variable in the traditional wage curve estimation. The 
wage curve is a standard wage equation normally used to estimate the returns to education or the 
male–female wage gap but with the addition of the local unemployment variable to the set of 
regressors. In our case, we include also the spatial spillover of the regional unemployment rate: 
irttrirts strsrtirt
XUGUW νλµγχβα ++++++= ∑ ')log(loglog   (1) 
where Wirt is the real hourly wage rate of individual i observed in region r at time t. Urt is the 
unemployment rate in region r at time t. μr is a region effect, λt is a time effect and νirt is the 
remainder error term. Xirt represents control variables which include the characteristics of 
individual i such as: gender, age, age squared, tenure, tenure squared, education, marital status, 
occupation, industry, sector, size of the employing firm, duration of  the job and city size. The 
matrix G is a spatial weight matrix which symbolizes the connections between regions r and s 
                                                          
2 Previous studies on the German wage curve find weak or insignificant spillover effects using SAR or SLDV models. For 
example, Buettner (1999) finds no evidence of spatial correlation in the errors and little impact for the inclusion of the spatial 
lagged dependent variable on the unemployment elasticity. 
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with typical element rsG where r,s=1,2,..,R. G is of dimension R×R with diagonal elements 
equal to zero and it is row-normalized. The latter means that each row sums to one. For example, 
the r-th row of a contiguity matrix G gives a 1 for regions that have a common border with the 
r-th region, and zero otherwise. The number of neighboring or contiguous regions are tallied 
and the r-th row of G gets divided by this row total. Later in this study, we check the sensitivity 
of our results to other spatial weight matrices. Hence, the spatially weighted unemployment 
regressor (∑s strs UG log ) allows the unemployment rates of the neighboring regions to 
influence local wages.  
In this paper we use micro-level wage data obtained from the Polish Labor Force Survey (LFS) 
at the 16 NUTS2 level regions over the period 1999 - 2010. The survey does not gather 
information on wages of self-employed or paid family workers. After excluding the 
unemployed, inactive and missing observations, we are left with over 102,924 observations of 
whom 53,886 are males and 49,038 are females. This rich individual level data set allows us to 
control for a large set of individual characteristics affecting individuals’ wage responses to 
variations in regional unemployment rates. It enables us also to investigate the existence of a 
wage curve for various types of workers: male vs. female, young vs. old, skilled vs. unskilled, 
etc. Additionally we use regional unemployment rates based on the LFS data and ESRI 
shapefile data for Polish NUTS2 regions. See the Appendix for a detailed description of the 
data.  
3. Traditional wage curve - empirical results 
Table 1 gives the estimation results for the unemployment elasticity of real wages β, for 
different types of workers using Equation (1) but without the spatial spillover term3. This is a 
standard fixed effects (FE) estimator with region and time fixed effects. With all individuals in 
our sample, the unemployment elasticity of real hourly wages is estimated as -0.056 and is 
significant at the 1% level. Robust standard errors are reported for all estimates. We also find 
that males in Poland are significantly more responsive to local unemployment rates (-0.078) 
than their female counterparts (-0.038). This is in line with the previous findings by Card (1995) 
for the United States and Baltagi and Blien (1998) for West Germany.  
                                                          
3 In order to save space, we only report β. However, the results on the other control variables are available upon 
request from the authors. 
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Following the classical paper by Card (1995) we estimate also the wage curve for subsamples 
with different bargaining power in the labor market. Here, we expect to find higher elasticity 
of unemployment for younger, less qualified or less experienced workers since their bargaining 
power is lower than older, more experienced and better educated counterparts. Also, we should 
expect a higher impact of unemployment rate on wages for temporary, private sector and small 
and medium firms’ employees as compared to their permanent, public sector and big firms’ 
counterparts due to the different institutional arrangements4.  
We find that younger workers aged (15-29) have a significant unemployment elasticity of (-
0.078) and this increases to (-0.084) for workers aged (30-44), becoming insignificant for 
workers above 45 years of age. As Duffy and Walsh (2001) argue much of the work experience 
gained under communism by older workers may not be rewarded so well in a market economy. 
5  
This unemployment elasticity also varies depending on the worker’s skill level, years of tenure, 
and whether this worker lives in a city or a village. It is insignificant for public sector workers 
and for whether the employer is a small or a big firm (with 100 or more employees). Temporary 
workers’ wages are more sensitive than permanent workers’ wages with an unemployment 
elasticity of (-0.087) as compared to (-0.056). In summary, the existence of the Polish wage 
curve is confirmed for all categories considered except for workers over 45 years of age, public 
sector employees, micro enterprises and firms with 100 or more employees.  
Insert Table 1 here 
Next, we check the sensitivity of these results to using the lagged unemployment rate as an 
instrument for the current unemployment rate, see Baltagi and Blien (1998). These FE-2SLS 
estimates are shown in Table 1 right below the corresponding FE estimates. The results for all 
workers as well as men are about the same, but the elasticity for women becomes insignificant. 
The results remain significant for middle aged workers aged (30-44) and those who live in a 
                                                          
4 Here, permanent and public sector workers are usually covered under better employment protection schemes. At 
the same time the employees of big enterprises may be protected by labor unions.  
5 For the period 1994-1996, Duffy and Walsh (2001) argued that “under planning, most individuals stayed in the 
same job for the duration of their working age and the participation rate was high. Working age and job tenure 
were perfectly correlated.” The transition period started to break down this traditional correlation and those that 
resisted job changes were in the older age groups. 
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village, as well as private sector workers, and those with more than 1 and less than 11 years of 
tenure.  Also, those who work for medium sized firms. What is interesting is that temporary 
workers now have a much larger unemployment elasticity (-0.127) as compared to (-0.050) for 
permanent workers.  
Having found that males in Poland are more sensitive to regional unemployment rates as 
compared to their female counterparts, we focus on finer groupings for males and females 
separately. Table 2 shows that young males aged (15-29) have the largest unemployment 
elasticity (-0.147). Men aged (30-44) have also a large and significant unemployment elasticity 
(-0.101), while men above 45 years of age are not sensitive to the regional unemployment rate. 
With FE-2SLS only men aged (30-44) have a significant unemployment elasticity (-0.098).  
Also, only the medium skilled men have a significant unemployment elasticity (-0.123). Men 
living in cities with less than 100k inhabitants and in villages have significant unemployment 
elasticities (-0.13 and -0.092, respectively). Men with more than 1 and less than 11 years of 
tenure have a significant unemployment elasticity (-0.095). Men in the private sector (-0.093), 
men with temporary contracts (-0.108) versus permanent contracts (-0.077) and men working 
for medium size enterprises (-0.095).  
Insert Table 2 here 
The results for women differ significantly from the ones obtained for men (see Table 3). First 
of all, the wage curve is found to be significant only in the case of middle aged women (30-44) 
and only for the FE estimator (-0.068). Also, for low-skilled women (-0.069 for FE and -0.10 
for FE-2SLS), women living in a village (-0.06 for FE) and women with medium level of tenure 
(-0.079 for FE). Women in the private sector (-0.065 for FE and -0.087 for FE-2SLS), women 
with permanent contracts (-0.047 for FE) and women with temporary contracts (-0.134 for FE-
2SLS). Also, women working for medium sized firms (-0.067 for FE). 
Insert Table 3 here 
4. Spatial wage curve  
Table 4 gives the estimation results for the unemployment elasticity of real wages β, and the 
spatial spillover unemployment elasticity χ for different types of workers using Equation (1)6. 
                                                          
6 In order to save space, we only report β and χ. However, the results on the other control variables are available 
upon request from the authors. 
10 
 
This is a standard fixed effects (FE) estimator with region and time fixed effects. The spatial 
spillover is based on the contiguity, row-standardized weight matrix. With all individuals in our 
sample, the unemployment elasticity of real hourly wages is estimated at -0.047 while the 
spatial spillover neighboring regions unemployment elasticity is estimated at -0.11. Both are 
significant at the 1% level. Robust standard errors are reported for all estimates.  
Our results indicate that high unemployment rates in own and neighboring regions put a 
downward pressure on local wages. However, local wages are much more affected by the 
spatially weighted unemployment rates in the neighboring regions than the local ones. This may 
mean that either a large share of workers is commuting or that firms adjust their wage policy to 
the situation in the wider regional labor market. Similar or even stronger results were obtained 
by Fingleton and Palombi (2013) who looked at Great Britain’s 408 unitary authority and local 
authority areas (UALADs) over the period 1998-2010. They find that local wages do not 
respond to unemployment in the immediate area but are strongly determined by unemployment 
within commuting distance (spillover effects). 
We also find that males in Poland are significantly more responsive to local unemployment 
rates (-0.067) than their female counterparts (-0.031). Again spatial spillovers are of higher 
magnitudes and statistically significant, (-0.135 for men and -0.086 for women, respectively). 
Younger workers aged (15-29) have a significant unemployment elasticity of (-0.062) and this 
increases to (-0.074) for workers aged (30-44), becoming insignificant for workers above 45 
years of age. This corroborates the findings of Duffy and Walsh (2001) who argue that the work 
experience gained under communism by older workers may not be rewarded so well in a market 
economy.  
These unemployment elasticities also vary depending on the worker’s skill level, years of 
tenure, and whether this worker lives in a city or a village. Own region unemployment elasticity 
is significant in 17 out of 22 cases considered. The insignificant cases include workers above 
45 years of age, workers with less than 2 years tenure, public sector workers, and workers whose 
employer is a small firm (less than 10 employees) or a big firm (with 100 or more employees). 
We also found large and statistically significant spatial spillover neighboring regional 
unemployment elasticities in 18 out of 22 cases considered. The insignificant spatial spillover 
regional unemployment elasticities were for workers with more than 10 years tenure, large cities 
with more than 100 thousand inhabitants, high skilled workers, and workers above 45 years of 
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age. Whenever, this spatial spillover elasticity was significant, it was of a higher order of 
magnitude in absolute value than the own region employment elasticity. 
Insert Table 4 here 
Next, we check the sensitivity of these results to applying instrumental variables estimation 
where the instruments are the lagged unemployment rate and lagged spatial regional 
unemployment spillover effect. The results are labeled FE-2SLS and are shown in Table 4 right 
below the corresponding FE estimates. The results for all workers as well as men are about the 
same, but the own region elasticity for women becomes insignificant. Furthermore, in most 
cases, the local unemployment elasticity is slightly lower, as compared to the FE estimation, 
while the spillover elasticity is now slightly higher. This indicates that neighboring 
unemployment effects may have a lingering effect on local wages. Spatial spillover effects were 
significant in 18 out of 22 cases considered. Spillover unemployment elasticities were not 
significant for workers above 45 years of age, workers living in cities over 100k, high skilled 
or public sector workers.  
4.1 Gender Differences 
Having found that males in Poland are more sensitive to own and spatial regional 
unemployment rates as compared to their female counterparts, we focus on finer groupings for 
males and females separately. Table 5 shows that young males aged (15-29) have a high 
unemployment elasticity (-0.126) and the largest spatial spillover effect (-0.300). Men aged (30-
44) have also a large and significant unemployment elasticity (-0.089) and a large spillover 
effect (-0.161), while men above 45 years of age are not sensitive to the regional unemployment 
rate. Spatial unemployment spillover is significant in 13 out of 22 cases considered. The highest 
own region unemployment elasticity is found for men with temporary contracts (-0.128). 
However, in that case, the spatial spillover is statistically insignificant.  
Insert Table 5 here 
The FE-2SLS estimates are very similar to the corresponding FE ones. Some notable 
differences include the lack of significance of spatial spillover in the case of medium skilled 
workers, workers living in cities, and workers with the lowest tenure. 
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The results for females differ significantly from the ones obtained for males (see Table 6). The 
overall unemployment elasticity is (-0.031) as compared to (-0.067) for males. The female’s 
wage curve is found to be significant only in the case of middle aged women (-0.062); low-
skilled women (-0.061); women with medium level of tenure (-0.073); women in the private 
sector (-0.050), women with permanent contracts (-0.045) and women working for medium 
sized firms (-0.061). The spatial unemployment spillover is significant in 9 out of 20 cases 
considered. It is not significant for example for older and higher skilled women, women living 
in cities. Also, women with more than 10 years of tenure, women working in the public sector, 
and women working in medium and big size firms. 
Insert Table 6 here 
Again, the FE-2SLS estimates are very similar to the corresponding FE ones. However, unlike 
the case of men, the spatial spillover for women becomes statistically significant, as compared 
to the FE estimates. This applies to women aged 30-44, women with permanent contracts, or 
employed by medium and big enterprises. 
4.2 Sensitivity to Different Spatial Weight Matrices 
Next, we check the sensitivity of our results to alternative spatial weight matrices used to 
capture the spillover effects of regional unemployment. So far in Tables 4-6, we have used the 
contiguity weight matrix. This basically indicates that regions r and s are neighbors depending 
on whether they are geographically contiguous. In this section we employ two other weight 
matrices based on the inverse (Euclidean) distance between regions r and s. We also used the 
inverse square distance between regions r and s. All spatial weight matrices were row 
normalized.7 
It should be noted that the role played by the spatial weight matrix has long been a controversial 
aspect of spatial regression methods. In accordance to Le Sage (2014) “much of the controversy 
stems from the mistaken belief that minor changes in specification of the weight matrix produce 
major changes in spatial regression model estimates and inferences”. Our robustness check 
confirms the above finding since the regression results do not change significantly. 
                                                          
7 We do not have data on commuting, so we are limited in the type of spatial weight matrices we can use. 
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Comparing the results for the inverse distance spatial weight matrix (reported in Table 7) with 
those for the spatial contiguity weight matrix (reported in Table 4), we see an increase in the 
local unemployment elasticities, from -0.047 to -0.058 for all workers, and from -0.067 to -
0.083 for men, to mention a couple of examples. Moreover, the spatial spillover unemployment 
elasticities become statistically insignificant for the basic FE specifications. However, for the 
FE-2SLS regressions, we find significant lagged spatial spillover effects while in most of the 
cases the local unemployment rate elasticity becomes statistically insignificant. 
Insert Table 7 here 
The results for the inverse square distance spatial weight matrix (reported in Table 8) are almost 
identical to the ones obtained for the contiguity spatial weight matrix (reported in Table 4). In 
summary, we conclude that the choice of the weight matrix may affect the magnitude but not 
the significance or sign of the unemployment elasticities. 
Insert Table 8 here 
Elhorst (2010) claims that “if a spatial interaction model is estimated based on S different spatial 
weight matrices and the log-likelihood function value of every model is estimated, one may 
select the spatial weights matrix exhibiting the highest log-likelihood function value”. In our 
case the highest value of the log-likelihood function was found for the contiguous matrix 
specification. 
 
5. Spatial wage curve with gender-specific unemployment rates 
In this section, we re-estimate the Polish wage curve with spatial spillovers basing it on gender-
specific regional unemployment rates rather than the total regional unemployment rates. We 
have already seen a major difference in the estimated elasticities across gender when using total 
regional unemployment rates. Here, we are interested in how the female unemployment rate 
affects the wages of females, and similarly for males. Although this approach was applied in a 
few studies, none of them took into account spatial spillovers. 
Most wage curve studies use the total regional unemployment rate as a measure of job 
competition perhaps under the assumption that both men and women are competing for the 
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same jobs (e.g. Longhi, 2012)8. However, this assumption may not be reasonable for Poland, 
where the transition from the communist system made the gender specific labor market 
regulations work against women (e.g. Siemieńska, 1996). Let us elaborate on that. 
First, the share of men and women vary within different occupation categories, different sectors 
and different economic activities. According to the Polish Statistical Office (2012), in 2011, the 
share of women exceeded 60% for the following occupation categories: specialists, office staff, 
personal services staff and dealers. On the other hand, this share did not reach 15% for 
categories such as industrial workers and craftsmen or operators and assemblers of machinery 
and equipment. 66.3% of women worked for the private sector as compared to 81.3% for men. 
The share of women was less than 10% in construction and over 80% in health care and social 
assistance.  
Second, empirical studies on the Polish labor market show that the employers have defined 
gender preferences at the time of hiring for a particular post. Not surprisingly men are preferred 
for jobs requiring physical attributes, women for jobs requiring better social skills (sellers, 
services or office workers). For example, in 2012, almost 70% of the employers declared a 
given gender as a requirement towards candidates to professional posts (e.g. Polish Agency for 
Enterprise Development, 2013). The remarkable exception relates to the occupation category 
of professionals where gender mattered for only 20% of the employers. Still, the data indicates 
that there are certain preferences even within the above category; e.g. men were usually sought 
to work as IT professionals, while women were preferred as teachers or business and 
administration professionals. 
Finally, men and women have different preferences at the time of job seeking. For example, 
women are far less likely to change their employer (see Polish Agency for Enterprise 
Development, 2013). Also, women, almost exclusively, use the existing mechanisms that allow 
the worker to match the economic activity with household tasks (e.g. part-time work, flexible 
working hours, etc.). Even though many of these mechanisms applied to both genders (e.g. 
Kotowska et al., 2007). As a result, the unemployment rates for men and women may be 
significantly different in particular regions. Furthermore, their evolution may also differ, since 
it is linked to the evolution of particular industries within a given region. 
                                                          
8 Some exceptions include papers by Boushey (2002) for the US, Konyali (2013) for Turkey, and Sanroma and 
Ramos (2005) for Spain. 
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Figure 2 shows the gender-specific unemployment rate for 3 different Polish regions. It shows 
the different levels of unemployment rates (usually higher for women) and the evolution of 
these unemployment rates. Note that in 1998, the unemployment rate for men in 
Zachodniopomorskie was more than 5% points lower than that for women. In contrast, in 2010, 
the unemployment rate for women was only 1.6 % points lower than the unemployment rate 
for men. Hence, we believe that it is useful to look at gender-specific unemployment rate 
elasticities in wage curve estimation results. 
Insert Figure 2 here 
The gender-specific wage curve basically replaces the unemployment rate in region r at time t 
(Urt) in (1) with the gender specific unemployment rate (Urgt ) in region r, for gender g at time 
t. Table 9 gives the estimation results for the men subsample using the men’s regional 
unemployment rate, based on the contiguity spatial weight matrix. This can be compared to the 
results for men, based on the total regional unemployment rate in Table 5. The estimated 
elasticities are slightly lower for all men going from (-0.067) in Table 5 to (-0.062) in Table 9. 
This reduction is more drastic for young men aged 15-29, where this elasticity estimate drops 
from (-0.126) to (-0.108). The spatial spillover unemployment elasticity is also much lower 
dropping from (-0.135) for all men in Table 5 to (-0.109) in Table 9. Once again, this reduction 
is more drastic for young men aged 15-29, where this elasticity estimate drops from (-0.300) in 
Table 5 to (-0.208) in Table 9. 
Insert Table 9 here 
The FE-2SLS estimates for men in Table 9 do not differ substantially from the corresponding 
FE ones. Some notable differences include the lack of significance of spatial spillover in the 
case of high skilled workers, workers living in big cities, and workers with the lowest tenure. 
Table 10 gives the estimation results for the female subsample using the women’s regional 
unemployment rate, based on the contiguity spatial weight matrix. This can be compared to the 
results for females, based on the total regional unemployment rate in Table 6. Note that for all 
female workers, the own region unemployment elasticity is now statistically insignificant. 
However, this female own region unemployment elasticity remains statistically significant in 
the case of middle aged women, low skilled women, women with tenure between 1 and 10 
years, women working for the private sector, with permanent contract and women in medium 
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sized firms. These significant unemployment elasticities are slightly lower in Table 10 
compared to those in Table 6. In contrast, there is an increase in the magnitude of the spatial 
spillover unemployment elasticity for females in almost all specifications. For example, this 
elasticity increases from -0.086 for all female workers in Table 6 to -0.10 in Table 10. For 
young women aged 15-29, this elasticity increases from -0.136 in Table 6 to -0.160 in Table 
10. One exception is women with less than 2 years of tenure where this elasticity drops from -
0.241 in Table 6 to -0.224 in Table 10. The FE-2SLS estimates in Table 10 are in line with the 
FE ones. 
Insert Table 10 here 
The above results confirm important differences between the genders in the Polish labor market. 
They also show that the Polish wage curve results are sensitive to the application of gender-
specific unemployment rates rather than the total unemployment rate.9 In this sense they are in 
line with the ones found in other papers applying gender-specific unemployment rate for the 
US, Turkey and Spain, (see Boushey, 2002; Konyali, 2013; and Sanroma and Ramos, 2005). 
Unlike these papers, ours account for spatial spillovers. 
6. Conclusion 
This paper reconsiders the Polish wage curve using individual data from the Polish Labor Force 
Survey (LFS) at the 16 NUTS2 level allowing for spatial spillovers between these regions and 
applying gender specific unemployment rates. Our estimates confirm the existence of the wage 
curve in Poland with an overall unemployment elasticity around -0.06. We also find that the 
unemployment elasticity of male wages in Poland over the period 1999-2010 is double that for 
women. These results are in line with the findings by Card (1995) for the United States and 
Baltagi and Blien (1998) for West Germany. Moreover, if the lagged unemployment rate is 
used as an instrument for current unemployment rate, we find that the unemployment elasticity 
increases substantially for less experienced workers as well as temporary workers. 
Accounting for spatial spillovers, we find that the own region unemployment elasticity of all 
workers decreases from -0.06 to -0.05.  But, the spatial spillover unemployment elasticity is 
large -0.11 and statistically significant. The spatial wage curve results are sensitive in 
                                                          
9 Note that Longhi (2012) applies theoretically-based measures of job competition for the UK, and finds a much 
larger impact on wages for women than on wages for men. 
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magnitude but not in sign and significance to the different spatial weight matrices used to 
account for the spatial spillovers.  
This paper also finds that the Polish wage curve results are sensitive to using gender-specific 
regional unemployment rates. Our results show that the own gender specific unemployment 
elasticity and the gender specific spatial spillover unemployment effects are smaller in 
magnitude for the men subsample. In contrast, our results show that gender specific own 
unemployment elasticity becomes statistically insignificant in the case of women. But, the 
spatial spillover female regional unemployment elasticity remains significant. 
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Data Appendix 
The data set used in the present study is based on the fourth quarter of the Polish Labor Force 
Survey (LFS) for the period 1999-201010. The survey does not gather information on wages of 
self-employed or paid family workers. After excluding the unemployed, inactive and missing 
observations, we are left with over 102,924 observations.  
The data from the Polish Labor Force Survey provides information on the region (at the NUTS2 
level) where the employee is located and the size of the city where he or she lives. Furthermore, 
the Survey gives data on personal characteristics, employment spell and employer. In this study 
we use individual net hourly wage deflated by the national consumer price index. We also apply 
the unemployment rate calculated on the basis of the LFS data, taken from the Polish Central 
Statistical Office for the population aged 15+.  
The control variables used in the regressions are the following: 
• Age of the individual  
• Gender. Male = 0 and female = 1.  
• Marital status. This variable includes 4 categories: Married, Single, Widow, Divorced.  
• Education. This variable includes 7 different categories: higher (including second stage of 
tertiary education) = 7, post-secondary = 6, secondary vocational = 5, general secondary = 
4, vocational = 3, primary and lower secondary = 2, incomplete primary and no education 
= 1.  
• Region. We distinguish among 16 Polish NUTS2 regions. 
• City size. This variable includes 8 categories: city with population over 100 thousand = 7, 
50 – 99.9 thousand = 6, 20 – 49.9 thousand = 5, 10 – 19.9 thousand = 4, 5 – 9.9 thousand 
= 3, 2 – 4.9 thousand = 2, less than 2 thousand = 1, village = 0.  
• The individual's years of tenure at the firm.  
• Type of work. Permanent contract = 0, temporary contract = 1. 
• Occupation. This variable includes 9 categories: representatives of the public authorities, 
senior officials and managers, specialists, technicians and other medium staff, office staff, 
personal services staff and dealers, farmers, gardeners, foresters and fishermen, industrial 
                                                          
10 The survey is being conducted quarterly, so there are 4 data sets each year. 
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workers and craftsmen, operators and assemblers of machinery and equipment, employed 
in elementary occupations.  
• Industry classification. This variable defines the specific industry to which the employing 
establishment belongs, in accordance to the NACE rev. 1.1 classification. These include 
15 categories such as: primary sector, mining and quarrying, manufacturing, electricity, 
gas and water supply, construction, trade and repair, hotels and restaurants, transport, 
storage and communication, financial intermediation, real estate, renting and business 
activities, public administration, education, health care and social work, other community, 
social and personal service activities, households.  
• Firm size. This variable includes 5 categories: up to 10 employees = 1, 11-19 employees = 
2, 20-49 employees = 3, 50-100 employees = 4, over 100 employees = 5. 
• Sector. Public = 0, private = 1.  
Summary statistics  
Variable Obs Mean Std. Dev. Min Max 
      
region 102924 16.87016 9.333652 2 32 
citysize 102924 3.558908 2.932758 0 7 
year 102924 2004.214 3.471274 1999 2010 
gender 102924 0.476449 0.499448 0 1 
age 102924 39.11169 10.73141 15 74 
marital status 102924 0.369302 0.717564 0 3 
education 102924 4.433699 1.625184 1 7 
sector 102924 0.579185 0.493692 0 1 
section 102924 10.08004 4.008244 2 18 
firmsize 102924 3.360344 1.495728 1 5 
typeofwork 102924 0.192414 0.394198 0 1 
tenure 102924 9.428034 9.439289 0 53 
unemployment rate 102924 14.93793 5.264154 5.5 26.3 
occupation 102924 3.715013 2.512657 0 8 
hourly wage 102924 6.402670 3.573979 2.5 37.5 
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Figure 1: Regional Unemployment in Poland, 1998-2010 
 
Source: This is based on data from the Polish Central Statistical Office 
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Figure 2: Regional Gender-Spcific Unemployment Rates in Poland, 1998-2010 (3 example 
regions) 
 
Source: This is based on data from the Polish Central Statistical Office 
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Table 1 The Polish unemployment elasticity of real hourly wages by worker type 
 
    Age Age 45 and  Low  Medium High  City up to  City over  
 All workers Men Women 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.056*** -0.078*** -0.038** -0.078*** -0.084*** -0.006 -0.052*** -0.049*** -0.062** -0.074*** -0.056*** -0.052** 
 (0.012) (0.017) (0.016) (0.024) (0.018) (0.019) (0.016) (0.018) (0.031) (0.018) (0.019) (0.026) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
             
FE– 2SLS -0.057*** -0.078*** -0.041 -0.057 -0.082*** -0.029 -0.042 -0.058* -0.057 -0.087*** -0.061* -0.020 
 (0.019) (0.028) (0.027) (0.039) (0.031) (0.032) (0.027) (0.030) (0.052) (0.028) (0.032) (0.048) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
Observations 102,924 53,886 49,038 24,460 42,635 35,829 42,815 40,482 19,627 36,997 38,879 
 
27,048 
 
           
 Tenure<2 Tenure>1&<11 Tenure>10 Public 
sector 
Private 
sector 
Permanent 
work 
Temporary 
work 
Small firm Medium 
firm 
 
Big firm 
Fixed effects -0.049** -0.065*** -0.047** -0.021 -0.074*** -0.056*** -0.087*** -0.024 -0.086*** -0.022 
 (0.024) (0.018) (0.019) (0.018) (0.015) (0.013) (0.027) (0.028) (0.017) (0.020) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
           
FE– 2SLS -0.075* -0.071** -0.025 -0.005 -0.085*** -0.050** -0.127*** -0.044 -0.071*** -0.034 
 (0.040) (0.031) (0.032) (0.031) (0.025) (0.022) (0.045) (0.045) (0.027) (0.035) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
Observations 23,658 42,916 
 
36,350 43,312 59,612 83,120 19,804 17,810 49,434 35,680 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the logarithm of unemployment rate by region in the previous year has been used as an instrument for the logarithm of unemployment rate by region 
at time t. 
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Table 2 The Polish men unemployment elasticity of real hourly wages by worker type  
 
 All 
workers 
Age 
15-29 
Age 
30-44 
45 and 
older 
 
Low  
skill 
Medium 
skill 
High 
skill 
Village City up to 
100k 
City over 
100k 
Fixed effects -0.078*** -0.147*** -0.101*** -0.005 -0.047** -0.096*** -0.111** -0.084*** -0.098*** -0.062 
 (0.017) (0.032) (0.026) (0.028) (0.021) (0.029) (0.055) (0.024) (0.028) (0.040) 
R-squared 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 0.46 
           
FE– 2SLS -0.078*** -0.102* -0.098** -0.024 -0.017 -0.123** -0.112 -0.092** -0.130*** 0.032 
 (0.028) (0.052) (0.044) (0.047) (0.034) (0.048) (0.092) (0.038) (0.046) (0.074) 
R-squared 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 0.46 
Observations 13,931 21,639 18,316 28,975 17,619 7,292 21,228 19,743 12,915 12,915 
          
 Tenure<2 Tenure>1&<11 Tenure>10 Public 
sector 
Private 
sector 
Permanent 
work 
 
Temporary 
work 
Small firm Medium 
firm 
Big firm 
Fixed effects -0.122*** -0.071*** -0.054* -0.059** -0.090*** -0.068*** -0.137*** -0.037 -0.115*** -0.060** 
 (0.034) (0.026) (0.028) (0.029) (0.020) (0.019) (0.039) (0.043) (0.024) (0.027) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
           
FE– 2SLS -0.092* -0.095** -0.034 -0.047 -0.093*** -0.077** -0.108* -0.026 -0.095** -0.091* 
 (0.056) (0.043) (0.047) (0.049) (0.033) (0.031) (0.062) (0.068) (0.038) (0.048) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
Observations 13,336 23,031 17,519 18,265 35,621 43,082 10,804 8,785 24,902 20,199 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the logarithm of unemployment rate by region in the previous year has been used as an instrument for the logarithm of unemployment rate by region 
at time t. 
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Table 3 The Polish women unemployment elasticity of real hourly wages by worker type  
 All 
workers 
Age 
15-29 
Age 
30-44 
45 and 
older 
Low  
skill 
Medium 
skill 
High 
skill 
Village City up to 
100k 
City over 
100k 
           
Fixed effects -0.038** -0.009 -0.068*** -0.016 -0.069*** -0.014 -0.047 -0.060** -0.017 -0.056 
 (0.016) (0.035) (0.025) (0.026) (0.024) (0.022) (0.037) (0.026) (0.026) (0.034) 
R-squared 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 0.52 
           
FE– 2SLS -0.041 -0.016 -0.059 -0.047 -0.100** -0.004 -0.053 -0.073* 0.001 -0.073 
 (0.027) (0.057) (0.041) (0.044) (0.041) (0.037) (0.062) (0.041) (0.042) (0.062) 
R-squared 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 0.52 
Observations 10,529 20,996 17,513 13,840 22,863 12,335 15,769 19,136 14,133 
 
 
14,133 
 
 
         
 Tenure<2 Tenure>1&<11 Tenure>10 Public 
sector 
Private 
sector 
Permanent 
work 
Temporary 
work 
 
Small firm Medium 
firm 
Big firm 
Fixed effects 0.039 -0.079*** -0.036 -0.001 -0.065*** -0.047*** -0.024 -0.027 -0.067*** 0.010 
 (0.034) (0.026) (0.026) (0.023) (0.023) (0.018) (0.037) (0.037) (0.023) (0.029) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
           
FE– 2SLS -0.042 -0.062 -0.010 0.017 -0.087** -0.025 -0.134** -0.079 -0.056 0.009 
 (0.057) (0.043) (0.042) (0.038) (0.037) (0.030) (0.063) (0.060) (0.038) (0.049) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
Observations 10,322 19,885 18,831 25,047 23,991 40,038 9,000 9,025 24,532 15,481 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the logarithm of unemployment rate by region in the previous year has been used as an instrument for the logarithm of unemployment rate by region 
at time t. 
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Table 4 The spatial Polish unemployment elasticity of real hourly wages by worker type – contiguity weight matrix 
 
    Age Age 45 and  Low  Medium High  City up to  City over  
 All workers Men Women 15-29 30-44 older Skill 
 
Skill skill Village 100k 100k 
Fixed effects -0.047*** -0.067*** -0.031* -0.062*** -0.074*** -0.003 -0.044*** -0.039** -0.058* -0.048*** -0.050*** -0.053** 
 (0.012) (0.017) (0.016) (0.024) (0.019) (0.020) (0.017) (0.018) (0.032) (0.018) (0.019) (0.026) 
Spatial spillover -0.113*** -0.135*** -0.086*** -0.229*** -0.125*** -0.035 -0.130*** -0.122*** -0.032 -0.196*** -0.077** -0.074 
 (0.022) (0.031) (0.031) (0.045) (0.035) (0.037) (0.031) (0.034) (0.062) (0.033) (0.037) (0.051) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
             FE - 2SLS -0.043*** -0.066*** -0.024 -0.061** -0.067*** -0.001 -0.042** -0.037** -0.052 -0.037* -0.046** -0.053** 
 (0.012) (0.017) (0.017) (0.024) (0.019) (0.020) (0.017) (0.019) (0.032) (0.019) (0.020) (0.026) 
Spatial spillover -0.162*** -0.154*** -0.171*** -0.246*** -0.213*** -0.060 -0.165*** -0.141*** -0.097 -0.280*** -0.127** -0.084 
 (0.033) (0.046) (0.046) (0.068) (0.051) (0.054) (0.045) (0.051) (0.090) (0.048) (0.057) (0.076) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
Observations 102,924 53,886 49,038 24,460 42,635 35,829 42,815 40,482 19,627 36,997 38,879 
 
27,048 
 
 Tenure<2 Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work 
 
Temporary work Small firm Medium firm Big firm 
Fixed effects -0.036 -0.054*** -0.046** -0.028 -0.058*** -0.048*** -0.070** -0.008 -0.075*** -0.018 
 (0.025) (0.019) (0.019) (0.018) (0.015) (0.013) (0.028) (0.029) (0.017) (0.020) 
Spatial spillover -0.195*** -0.146*** -0.007 0.076** -0.221*** -0.092*** -0.173*** -0.172*** -0.126*** -0.075** 
 (0.047) (0.035) (0.036) (0.035) (0.029) (0.025) (0.051) (0.052) (0.032) (0.038) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
           
FE - 2SLS -0.035 -0.051*** -0.039** -0.026 -0.054*** -0.044*** -0.067** -0.006 -0.074*** -0.010 
 (0.025) (0.019) (0.020) (0.019) (0.016) (0.014) (0.028) (0.029) (0.017) (0.020) 
Spatial spillover -0.207*** -0.178*** -0.088* 0.055 -0.274*** -0.151*** -0.198*** -0.197*** -0.147*** -0.196*** 
 (0.071) (0.052) (0.052) (0.052) (0.042) (0.037) (0.075) (0.076) (0.048) (0.056) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
Observations 23,658 42,916 
 
36,350 43,312 59,612 83,120 19,804 17,810 49,434 35,680 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 5 The spatial Polish men unemployment elasticity of real hourly wages by worker type - contiguity weight matrix 
 
  Age Age 45 and  Low  Medium High  City up to  City over  
 All workers 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.067*** -0.126*** -0.089*** -0.005 -0.038* -0.086*** -0.099* -0.058** -0.092*** -0.064 
 (0.017) (0.032) (0.027) (0.029) (0.021) (0.029) (0.055) (0.025) (0.028) (0.040) 
Spatial spillover -0.135*** -0.300*** -0.161*** 0.001 -0.129*** -0.120** -0.129 -0.207*** -0.090* -0.098 
 (0.031) (0.060) (0.050) (0.053) (0.039) (0.054) (0.106) (0.046) (0.054) (0.075) 
R-squared 0.46 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 
           FE - 2SLS -0.066*** -0.126*** -0.085*** -0.004 -0.037* -0.086*** -0.100* -0.048* -0.089*** -0.061 
 (0.017) (0.032) (0.027) (0.029) (0.021) (0.030) (0.056) (0.026) (0.028) (0.040) 
Spatial spillover -0.154*** -0.301*** -0.211*** -0.002 -0.150** -0.126 -0.118 -0.282*** -0.134 0.020 
 (0.046) (0.089) (0.074) (0.078) (0.058) (0.080) (0.152) (0.066) (0.083) (0.112) 
R-squared 0.46 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 
Observations 53,886 13,931 21,639 18,316 28,975 17,619 7,292 21,228 19,743 12,915 
 
 Tenure<2 
 
Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
Fixed effects -0.113*** -0.057** -0.051* -0.067** -0.072*** -0.058*** -0.128*** -0.026 -0.099*** -0.055** 
 (0.034) (0.026) (0.028) (0.029) (0.021) (0.019) (0.039) (0.043) (0.024) (0.028) 
Spatial spillover -0.144** -0.192*** -0.037 0.106* -0.236*** -0.145*** -0.085 -0.119 -0.179*** -0.081 
 (0.066) (0.049) (0.051) (0.055) (0.038) (0.035) (0.072) (0.079) (0.045) (0.052) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
           
FE - 2SLS -0.113*** -0.056** -0.047 -0.067** -0.070*** -0.056*** -0.130*** -0.028 -0.103*** -0.048* 
 (0.035) (0.026) (0.028) (0.029) (0.021) (0.019) (0.040) (0.043) (0.025) (0.028) 
Spatial spillover -0.136 -0.197*** -0.082 0.115 -0.261*** -0.173*** -0.070 -0.102 -0.137** -0.213*** 
 (0.098) (0.073) (0.074) (0.081) (0.057) (0.052) (0.105) (0.114) (0.067) (0.076) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
Observations 13,336 23,031 17,519 18,265 35,621 43,082 10,804 8,785 24,902 20,199 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 6 The spatial Polish women unemployment elasticity of real hourly wages by worker type - contiguity weight matrix  
  Age Age 45 and  Low  Medium High  City up to  City over  
 All workers 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.031* 0.001 -0.062** -0.009 -0.061** -0.004 -0.049 -0.037 -0.011 -0.056 
 (0.016) (0.035) (0.025) (0.027) (0.025) (0.023) (0.038) (0.027) (0.026) (0.034) 
Spatial spillover -0.086*** -0.136** -0.070 -0.078 -0.136*** -0.115*** 0.017 -0.158*** -0.071 -0.035 
 (0.031) (0.067) (0.046) (0.050) (0.044) (0.043) (0.075) (0.047) (0.050) (0.068) 
R-squared 0.56 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 
           FE - 2SLS -0.024 0.006 -0.052** -0.005 -0.058** -0.001 -0.038 -0.025 -0.005 -0.056 
 (0.017) (0.036) (0.026) (0.027) (0.025) (0.023) (0.039) (0.028) (0.027) (0.034) 
Spatial spillover -0.171*** -0.197* -0.186*** -0.123 -0.200*** -0.153** -0.094 -0.244*** -0.137* -0.179* 
 (0.046) (0.102) (0.069) (0.075) (0.066) (0.064) (0.110) (0.070) (0.077) (0.104) 
R-squared 0.56 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 
Observations 49,038 10,529 20,996 17,513 13,840 22,863 12,335 15,769 19,136 14,133 
 
 Tenure<2 
 
Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
Fixed effects 0.056 -0.073*** -0.038 -0.005 -0.050** -0.045** 0.002 -0.007 -0.061*** 0.015 
 (0.035) (0.026) (0.026) (0.023) (0.023) (0.018) (0.038) (0.038) (0.023) (0.029) 
Spatial spillover -0.241*** -0.080 0.013 0.038 -0.198*** -0.028 -0.284*** -0.214*** -0.067 -0.065 
 (0.065) (0.049) (0.049) (0.045) (0.042) (0.035) (0.070) (0.068) (0.044) (0.054) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
           
FE - 2SLS 0.061* -0.068** -0.027 0.000 -0.043* -0.038** 0.010 -0.000 -0.054** 0.024 
 (0.035) (0.027) (0.027) (0.024) (0.023) (0.019) (0.039) (0.039) (0.024) (0.030) 
Spatial spillover -0.300*** -0.140* -0.098 -0.013 -0.291*** -0.116** -0.373*** -0.284*** -0.152** -0.189** 
 (0.100) (0.074) (0.072) (0.067) (0.063) (0.052) (0.106) (0.101) (0.066) (0.080) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
Observations 10,322 19,885 18,831 25,047 23,991 40,038 9,000 9,025 24,532 15,481 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 7 The spatial Polish unemployment elasticity of real hourly wages by worker type – inverse distance weight matrix 
 
    Age Age 45 and  Low  Medium High  City up to  City over  
 All workers Men Women 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.058*** -0.083*** -0.036** -0.075*** -0.084*** -0.012 -0.056*** -0.054*** -0.055* -0.071*** -0.061*** -0.061** 
 (0.012) (0.017) (0.017) (0.024) (0.019) (0.020) (0.017) (0.018) (0.032) (0.018) (0.020) (0.027) 
Spatial spillover 0.005 0.014 -0.006 -0.008 0.000 0.017 0.008 0.013 -0.017 -0.009 0.013 0.019 
 (0.006) (0.009) (0.009) (0.012) (0.010) (0.010) (0.009) (0.010) (0.017) (0.010) (0.010) (0.014) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
             FE - 2SLS 0.008 -0.016 0.027 0.023 0.010 0.008 0.019 0.011 -0.051 0.022 -0.002 -0.049 
 (0.020) (0.029) (0.027) (0.041) (0.032) (0.032) (0.030) (0.030) (0.050) (0.026) (0.034) (0.053) 
Spatial spillover -0.165*** -0.155*** -0.175*** -0.262*** -0.242*** -0.036 -0.181*** -0.161** -0.026 -0.272*** -0.137** -0.006 
 (0.041) (0.059) (0.057) (0.085) (0.066) (0.067) (0.062) (0.064) (0.098) (0.053) (0.070) (0.104) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
Observations 102,924 53,886 49,038 24,460 42,635 35,829 42,815 40,482 19,627 36,997 38,879 
 
27,048 
 
 Tenure<2 
 
Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
Fixed effects -0.050** -0.064*** -0.052*** -0.021 -0.076*** -0.058*** -0.083*** -0.025 -0.086*** -0.027 
 (0.025) (0.019) (0.020) (0.019) (0.016) (0.013) (0.028) (0.029) (0.017) (0.021) 
Spatial spillover 0.001 -0.003 0.013 -0.002 0.003 0.006 -0.007 0.002 -0.001 0.011 
 (0.013) (0.010) (0.010) (0.010) (0.008) (0.007) (0.013) (0.014) (0.009) (0.011) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
           
FE - 2SLS 0.031 -0.004 -0.009 -0.053* 0.043 0.001 0.006 0.053 -0.039 0.088** 
 (0.041) (0.031) (0.034) (0.030) (0.027) (0.022) (0.051) (0.046) (0.026) (0.043) 
Spatial spillover -0.223** -0.158** -0.093 0.085 -0.300*** -0.152*** -0.200** -0.177** -0.123** -0.298*** 
 (0.090) (0.063) (0.067) (0.062) (0.055) (0.046) (0.092) (0.081) (0.052) (0.099) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
Observations 23,658 42,916 
 
36,350 43,312 59,612 83,120 19,804 17,810 49,434 35,680 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 8 The spatial Polish unemployment elasticity of real hourly wages by worker type – inverse square distance weight matrix 
 
    Age Age 45 and  Low  Medium High  City up to  City over  
 All workers Men Women 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.047*** -0.067*** -0.032* -0.062*** -0.074*** -0.004 -0.044*** -0.038** -0.061* -0.048*** -0.050** -0.052** 
 (0.012) (0.017) (0.017) (0.024) (0.019) (0.020) (0.017) (0.018) (0.032) (0.019) (0.019) (0.026) 
Spatial spillover -0.101*** -0.123*** -0.073** -0.211*** -0.115*** -0.023 -0.122*** -0.114*** -0.002 -0.184*** -0.073** -0.053 
 (0.022) (0.031) (0.030) (0.045) (0.034) (0.037) (0.030) (0.034) (0.061) (0.033) (0.037) (0.051) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
             FE - 2SLS -0.044*** -0.067*** -0.025 -0.062** -0.067*** -0.003 -0.042** -0.037** -0.059* -0.038** -0.046** -0.052** 
 (0.012) (0.017) (0.017) (0.024) (0.019) (0.020) (0.017) (0.019) (0.033) (0.019) (0.020) (0.026) 
Spatial spillover -0.134*** -0.126*** -0.143*** -0.210*** -0.194*** -0.026 -0.143*** -0.129** -0.023 -0.252*** -0.114** -0.042 
 (0.033) (0.047) (0.046) (0.068) (0.052) (0.055) (0.046) (0.051) (0.091) (0.049) (0.058) (0.079) 
R-squared 0.51 0.46 0.56 0.42 0.52 0.52 0.36 0.38 0.36 0.49 0.51 0.48 
Observations 102,924 53,886 49,038 24,460 42,635 35,829 42,815 40,482 19,627 36,997 38,879 
 
27,048 
 
 Tenure<2 
 
Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
Fixed effects -0.036 -0.054*** -0.047** -0.029 -0.058*** -0.049*** -0.070** -0.008 -0.076*** -0.018 
 (0.025) (0.019) (0.019) (0.018) (0.016) (0.013) (0.028) (0.029) (0.017) (0.020) 
Spatial spillover -0.177*** -0.129*** -0.003 0.083** -0.206*** -0.080*** -0.169*** -0.162*** -0.111*** -0.063* 
 (0.046) (0.035) (0.036) (0.035) (0.028) (0.025) (0.050) (0.052) (0.032) (0.038) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
           
FE - 2SLS -0.036 -0.054*** -0.039** -0.028 -0.055*** -0.044*** -0.070** -0.008 -0.076*** -0.009 
 (0.025) (0.019) (0.020) (0.019) (0.016) (0.014) (0.028) (0.029) (0.017) (0.021) 
Spatial spillover -0.177** -0.134** -0.079 0.072 -0.239*** -0.127*** -0.162** -0.167** -0.111** -
 
 (0.071) (0.053) (0.053) (0.053) (0.043) (0.038) (0.074) (0.076) (0.048) (0.057) 
R-squared 0.41 0.49 0.52 0.54 0.44 0.51 0.38 0.39 0.53 0.48 
Observations 23,658 42,916 
 
36,350 43,312 59,612 83,120 19,804 17,810 49,434 35,680 
 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 9 The spatial Polish men unemployment elasticity of real hourly wages by worker type - gender-specific unemployment rate- contiguity 
weight matrix 
 
  Age Age 45 and  Low  Medium High  City up to  City over  
 All workers 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.062*** -0.108*** -0.086*** -0.002 -0.041** -0.087*** -0.038 -0.067*** -0.069*** -0.055 
 (0.014) (0.027) (0.023) (0.024) (0.018) (0.025) (0.047) (0.021) (0.023) (0.034) 
Spatial spillover -0.109*** -0.208*** -0.137*** -0.010 -0.081** -0.100** -0.177** -0.141*** -0.083* -0.120** 
 (0.027) (0.051) (0.042) (0.045) (0.033) (0.046) (0.090) (0.039) (0.045) (0.061) 
R-squared 0.46 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 
           FE - 2SLS -0.060*** -0.107*** -0.082*** -0.001 -0.038** -0.086*** -0.035 -0.057*** -0.065*** -0.055 
 (0.014) (0.028) (0.023) (0.025) (0.018) (0.025) (0.047) (0.021) (0.024) (0.034) 
Spatial spillover -0.148*** -0.229*** -0.199*** -0.031 -0.117** -0.119* -0.216 -0.243*** -0.139* -0.049 
 (0.042) (0.080) (0.066) (0.071) (0.053) (0.072) (0.136) (0.060) (0.074) (0.096) 
R-squared 0.46 0.39 0.46 0.48 0.33 0.36 0.34 0.41 0.46 0.46 
Observations 53,886 13,931 21,639 18,316 28,975 17,619 7,292 21,228 19,743 12,915 
 
 Tenure<2 
 
Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
Fixed effects -0.096*** -0.059*** -0.045* -0.064*** -0.066*** -0.050*** -0.129*** -0.035 -0.087*** -0.047** 
 (0.029) (0.022) (0.024) (0.024) (0.017) (0.016) (0.034) (0.037) (0.020) (0.024) 
Spatial spillover -0.120** -0.157*** -0.014 0.083* -0.194*** -0.118*** -0.057 -0.083 -0.135*** -0.088** 
 (0.056) (0.042) (0.044) (0.046) (0.033) (0.030) (0.063) (0.067) (0.038) (0.044) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
           
FE - 2SLS -0.097*** -0.056** -0.041* -0.063** -0.063*** -0.046*** -0.130*** -0.035 -0.088*** -0.040* 
 (0.029) (0.022) (0.024) (0.025) (0.018) (0.016) (0.034) (0.037) (0.020) (0.024) 
Spatial spillover -0.105 -0.196*** -0.076 0.058 -0.235*** -0.169*** -0.050 -0.083 -0.128** -0.220*** 
 (0.088) (0.065) (0.067) (0.070) (0.052) (0.047) (0.098) (0.104) (0.061) (0.068) 
R-squared 0.38 0.44 0.45 0.50 0.41 0.46 0.35 0.33 0.45 0.43 
Observations 13,336 23,031 17,519 18,265 35,621 43,082 10,804 8,785 24,902 20,199 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
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Table 10 The spatial Polish women unemployment elasticity of real hourly wages by worker type – gender-specific unemployment rate -
contiguity weight matrix 
 
  Age Age 45 and  Low  Medium High  City up to  City over  
 All workers 15-29 30-44 older 
 
skill skill skill Village 100k 100k 
Fixed effects -0.024 -0.002 -0.046* -0.010 -0.059** 0.003 -0.043 -0.019 -0.020 -0.048 
 (0.016) (0.034) (0.025) (0.027) (0.024) (0.022) (0.038) (0.026) (0.026) (0.035) 
Spatial spillover -0.100*** -0.160** -0.074 -0.086 -0.146*** -0.129*** 0.003 -0.186*** -0.070 -0.042 
 (0.033) (0.071) (0.049) (0.054) (0.047) (0.045) (0.079) (0.051) (0.053) (0.074) 
R-squared 0.56 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 
           FE - 2SLS -0.020 -0.000 -0.039 -0.009 -0.058** 0.005 -0.034 -0.010 -0.017 -0.054 
 (0.016) (0.034) (0.025) (0.027) (0.024) (0.022) (0.038) (0.027) (0.026) (0.035) 
Spatial spillover -0.192*** -0.218* -0.232*** -0.092 -0.178** -0.164** -0.159 -0.270*** -0.141 -0.174 
 (0.052) (0.115) (0.078) (0.083) (0.075) (0.074) (0.120) (0.077) (0.087) (0.125) 
R-squared 0.56 0.48 0.60 0.58 0.25 0.38 0.39 0.60 0.57 0.52 
Observations 49,038 10,529 20,996 17,513 13,840 22,863 12,335 15,769 19,136 14,133 
 
 Tenure<2 Tenure>1&<11 Tenure>10 Public sector Private sector Permanent work Temporary work Small firm Medium firm Big firm 
 
Fixed effects 0.039 -0.063** -0.022 0.010 -0.049** -0.033* -0.012 -0.007 -0.050** 0.016 
 (0.034) (0.026) (0.026) (0.023) (0.022) (0.018) (0.036) (0.036) (0.023) (0.029) 
Spatial spillover -0.224*** -0.113** 0.000 0.025 -0.214*** -0.040 -0.309*** -0.213*** -0.085* -0.070 
 (0.070) (0.051) (0.053) (0.048) (0.044) (0.037) (0.073) (0.071) (0.047) (0.058) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
           
FE - 2SLS 0.042 -0.062** -0.016 0.014 -0.047** -0.029 -0.008 -0.004 -0.045* 0.020 
 (0.034) (0.026) (0.026) (0.023) (0.022) (0.018) (0.037) (0.036) (0.023) (0.029) 
Spatial spillover -0.329*** -0.157* -0.114 -0.052 -0.286*** -0.138** -0.382*** -0.273** -0.179** -0.199** 
 (0.112) (0.081) (0.083) (0.078) (0.069) (0.060) (0.110) (0.109) (0.074) (0.093) 
R-squared 0.47 0.54 0.58 0.59 0.46 0.57 0.44 0.45 0.61 0.51 
Observations 10,322 19,885 18,831 25,047 23,991 40,038 9,000 9,025 24,532 15,481 
Notes: 
a) Robust standard errors in parentheses. *, ** and *** represent significance at 10%, 5% and 1%, respectively. 
b) Low skill workers refer to individuals with vocational, lower secondary, primary or no education. Medium skill workers refer to individuals with post-secondary (non-tertiary), 
vocational secondary or secondary education. High skill workers refer to tertiary and higher education attainment.  
c) Small firms refer to enterprises with up to 10 employees. Medium firms refer to enterprises with more than 10 and up to 100 employees. Big firms refer to enterprises with 
more than 100 employees. 
d) In FE-2SLS specification, the instruments used are the logarithm of unemployment rate by region in the previous year and the logarithm of spatial spillover by region in the 
previous year. 
